Multicolour surface photometry and an H I measurement are presented for a distant object in Leo, which was interpreted by Zwicky as a binary galaxy. From our observations and from lRAS data we deduce that the object is probably a single galaxy with a strong dust lane. The far-infrared emission indicates that a strong star formation burst is taking place in the gas-dust lane.
INTRODUCTION
Our interest in vm Zw 105 was awakened in the course of study of an unrelated foreground object, the Leo H I ring of Schneider et al. (1983) . Those authors discovered, while studying the neutral hydrogen content of small groups of galaxies, a large cloud of neutral hydrogen not associated with a specific galaxy. The H I cloud is apparently associated with the M96 and M105 galaxies, at a redshift of 960 krn s -I. The intergalactic cloud rapidly became an object of intensive study in order to establish its extragalactic nature, its origins and possibly its fate. Various papers related to the cloud and its neighbourhood were summarized by Schneider (1989) and Schneider et al. (1989) .
While searching for possible objects related to the cloud, or that could be used to probe the nature of the cloud, we noted a compact galaxy that lies within the northern contours of the Leo Cloud, if projected as an ellipse, but which is lcoated in a gap in the H I distribution. The galaxy is vm Zw 105, one of the objects published in Zwicky's final list of compact galaxies (Zwicky, Sargent & Kowal 1975) . On the Palomar sky survey prints it looks like a 'sandwiched pair of flabby disc compacts, separated 8 arcsec in the north-south direction'. The object is known to be in the far background of the Leo Cloud, with an optical red shift of 17128 ± 36 krn s -I, as measured by Huchra and quoted by Schneider (1989) . Although not mentioned by Schneider, we assume that this redshift is heliocentric, by analogy with UGC 5808, mentioned in the same paragraph.
vm Zw 105 is a far-infrared (FIR) source, as will be discussed below. Its large distance implies a significant FIR luminosity. This, combined with its optical appearance, prompted us to think that the interpretation by Zwicky in his list may be wrong, and that the object may be a distant cousin of star-bursting galaxies with dark lanes. The determination ©1996RAS of the nature of this galaxy is the subject of the present paper. We describe here optical observations and an H I measurement, and consider also published FIR data from the lRAS mission; we conclude that our interpretation, of a starbursting disc galaxy, seen approximately edge-on, is preferable to that by Zwicky.
OBSERVATIONS

Wise Observatory
Surface photometry of vm Zw 105 was obtained with the Wise Observatory (WiseObs) CCD camera, described by Brosch & Loinger (1991) . The CCD was a thinned RCA SID 501EX with a projected pixel size of 0.88 arc sec pixel-I. Observations consisted of 3 x 20 min exposures in the E, V, R, I and Z bands, and were obtained in two observing runs, in 1987 late March and late April. The galaxy was also observed in the R band with 2 x 10 min exposures. The Z band is defined at WiseObs by a cut-off filter on the blue side, and by the sensitivity drop of the RCA chip on the red side.
The images were reduced in a standard way, by first subtracting an average bias frame and then dividing by a flatfield image, exposed in twilight through the same filters. Two images through the I filter were badly trailed in such a manner as to smear significantly the images of the two objects. We thus selected the single frame with reasonable stellar images, subtracted the sky and zapped all discrepant pixels. Images in the same filter band were combined using a median filter that selected for each pixel the median value of the individual pixels in all the frames. Figs l(a)-(e) show isointensity plots of the galaxy as observed in the E, V, R, I and Zbands. The dark lane shows up well in the good-seeing images (B and R band). The iso-intensity plots show it only as a constriction of contours, between the larger object (hereafter 'lobe' ) and the smaller. On unbinned images the dark lane is very narrow, a few pixels wide. This impression is strengthened by attempts to 'unsharply mask' the images; both the B and the R images maintain the narrow dark lane with masking factors from 2 to 7 pixels wide, with a width of about two pixels.
Some 10 arcsec north of the brighter lobe of VIII Zw 105 it is possible to see on the Palomar Sky Survey reproductions a faint, possibly non-stellar object. We show a grey-scale rendition of the VIII Zw 105 field in Fig. 2 , with this object labelled A, and where the two lobes of the galaxy are heavily VIII Zw 105: a starburst galaxy at z " ' " 0.06? 193 overexposed. We tested the intensity distribution of object A by fitting isophotes, and comparing the resulting intensity profile with similar profiles of obvious stars in the field. We found that although the faint image is round, it is consistently wider and 'softer' than stellar images; specifically, the fullwidth at half-maximum is about 50 per cent wider than that of stellar images in both the Band R images.
There are no obvious distortions of the image, no traces of an extended envelope, nor any apparent connections between the faint image and that of VIII Zw 105. The R-i band image shows many faint objects near VIII Zw 105 that may not be stellar. It is possible that these, together with the faint image 10 arc sec north of the subject galaxy, may belong to a background cluster of galaxies. With the present data set we cannot decide whether there is any connection between the faint image, which may be a neighbouring compact dwarf galaxy or a background cluster galaxy, and VIII Zw 105.
Arecibo Observatory
VIII Zw 105 was measured in 1990 January at the Arecibo Observatory I with the 21-cm line system. A total of 65 min were spent on-source and 65 min off-source. The flux was calibrated against sources in Bridle et al. (1972) and processed in a standard way using the NAIC GALPAC data reduction software. The resultant spectrum is shown in Fig. 3 . The signal-to-noise ratio is not adequate for us to determine whether the profile is double-homed, as would be expected for a spiral disc at non-zero inclination to the line-of-sight, or an asymmetrical single hump as is commonly seen in advanced mergers.
The line centroid is at a heliocentric redshift of 17 291 ± 24 km s -1, with a full width at 50 per cent intensity of 156 ± 48 km s -I. The flux density integral is f S dv = 146 mJy km s -I, yielding a total neutral hydrogen mass of MH 1= 1.03 x 10 9 h -2 M G , comparable to the mean value for Sb or Sc galaxies in the Local Supercluster (Roberts & Haynes 1994) . The difference betwen the optical and H I red shifts is significant at about4a.
lRAS
VIII Zw 105 appears in the IRAS Point Source Catalog (PSC), as well as in the Faint Source Catalog (FSC). In the IRAS catalogue it is source 10466 + 1329, detected with rather poor quality at 60 and 100 !tm. As the FSC yields more accurate FIR flux densities for faint sources, we adopt these for further discussion. 
RESULTS AND DISCUSSION
The images of VIII Zw 105 through the Band R filters have the best signal-to-noise ratio and seeing size. We use them to show that the object can be best understood as a single galaxy with an equatorial dark lane. Fig. 4 shows the intensity profile through the peaks of the two objects and through a nearby star, scaled to a similar peak value as for the galaxy. The objects are clearly nonstellar; moreover, the intensity between the objects does not fall to zero. This may indicate that these are not two different objects, but rather a single galaxy with an equatorial dark lane. Further support for this is the colour of the two parts of the object.
We produced a B -R instrumental colour image by (B -R)insl = -2.5 log (IB/IR), where IB and IR are the intensities (per pixel) in the aligned Band R images. Although this colour image is not calibrated, it is possible to determine that the brighter lobe of VIII Zw 105 is bluer by about 0.9 mag in B -R than the fainter lobe; this may be interpreted as due to dust reddening of the fainter lobe by a broad -equatorial dust lane, if the dust particles responsible for the extinction are similar to those within the Galaxy. This is justified by the study of NGC4594 (Sombrero) galaxy of Knapen et al. (1991) , which showed that the optical properties of dust particles in the dark lane of this object are very similar to those inthe Galaxy.
The optical appearance of VIII Zw 105 can be interpreted as either a single object, in which case the separation in two optical images may be attributed to a dust lane, or as two separate objects. The likelihood in the latter case is that the two objects are not a chance superposition, but form a physical pair. From the projected dimensions (Figs la-e) and from the redshift, the physical radii of the two lobes are about 7.5 and 6 h -1 kpc, while the separation between the high-inten-VIII Z w 105: a starburst galaxy at z "' " 0.06? 195 ~ity peaks of the ~o images is about 6 h -I kpc. The objects, If s~parate, look h~e a pair of dwarf galaxies, as described by Z~Icky, and the dIscrepancy between the optical and H I redShIfts perhaps supports this view if the two galaxies are in the process of merging.
The al~ernative explanation is that VIII Zw 105 is a single galaxy wIth a strong dark lane, of which only the central bulge is observed. The overall dimensions for the visible image would then translate into a major-axis diameter of s~me 18 h ~ 1 kpc,. and the narrow dark lane would be aligned With the mmor axIS. Note that there is no way of determining whether the FIR or the H I emission comes from either of the two lobes, or from the faint, extended object 10 arcsec north of VIII Zw 105, as both the Arecibo observation and that of the lRAS mesurements have worse angular resolution than the separation of the various components.
By assuming that the H I distribution comes from a rotating disc, which is seen edge-on, we can estimate the total mass of the galaxy. The Arecibo profile has a full width at 50 per cent intensity of 156 km S-I, and a width of 201 km S-I at 20 per cent intensity. Adopting the latter value, we have for the circular velocity -100 km s -1 at the (assumed 5 arcsec = 3.75 kpc) outer radius of the galaxy a total mass of Mo = 2.5 x 10 9 h -I M(,), only about twice the mass of HI derived from the 21-cm Arecibo measurements. However, this is only a lower limit, as the H I distribution may be more e~te~?ed than the visible dark lane, or the inclination may be sI~mficantly less than 90°. The significant reddening of the famt lobe may be seen as an indication that the second interpretation may be the correct one.
VIII Zw 105 is an lRAS source, and the detected FSC flux densities were listed above. The ratio of flux densities in, these two bands indicates that more than half of the FIR flux is due to hot dust, according to the phenomenological model © 1996 RAS, MNRAS 279, 191-196 of Helou (1986) . Adopting the FIR flux estimate between 40 and 120 !lm from Lonsdale et al. (1985) , we find that (1) At the distance inferred from the red shift, 173 h -I Mpc, this translates into a FIR luminosity of 4.5 x 10 10 h -2 L(,), about three times more luminous than the Galaxy and similar to M82 (Telesco & Harper 1980) . Adopting the derivation of the star formation rate (SFR) from the FIR luminosity by Devereux & Young (1991) , this yields [SFR] = 6.3 h-2 M. yr -I, significantly higher than the SFR of the Galaxy. A~ SFR estimate as made by Thronson & Telesco (1986) , for the last 2 x 10 6 yr, yields an even higher rate of astration: -30 h-2 M(') yr-I , more than the highest SFR measured in giant Sc galaxies.
T~e location of the object in a FIR colour-colour diagram puts It at the upper envelope of the galaxy distribution, near quiescent spirals and cirrus cloud sources. The effective temperature of the dust grains is higher than in many dark-lane galaxies (T d "" 40 K: see, e.g., Brosch 1987) . The SFR per unit galactic mass is also high, 2.52 x 10-9 M(,)/M(,), as high as that in grand-design spiral galaxies (Elmegreen 1993) . This, however, uses the lower limit to the total mass derived above. The SFR per unit mass may therefore be smaller.
The total mass of dust may be inferred from the 100-!lm flux density and from the distance, using the relation from Bothun, Lonsdale & Rice (1989) :
This yields a dust mass of 1.3 x 10 7 h -2 M(') if the dust temperature is 35 K, or 0.8 x 10 7 h -2 M(') for Td = 40 K. The·gas-to-dust ratio is only -80 (-100 for the Galaxy) in the first (cold) case, or -140 in the second case. The total amount of dust is even higher than estimated for early-type galaxies with large-scale dust lanes by Goudfrooij et al. (1994) . Interpreting our B -R colour measurement as dust reddening, and considering the small colour gradient observed across unextinguished galactic discs, we may conclude that the faint lobe has almost 1.7 mag of V-band extinction. A consistent value for the H I mass can be derived by adopting the ratio of H I column density to colour excess in the Galaxy from Bohlin, Savage & Drake (1978) ,
and assuming that the H I distribution is identical with the dark lane. We find in this case MH I = 9.2 X 10 8 h -2 M 0, very close to the total H I mass found from the 21-cm profile. This indicates that the physical conditions in the dust lane of VIII Zw 105, in particular the gas-to-dust ratio, are not too different from those within the Galaxy. The total H I mass is comparable with that in the helix of the Spindle galaxy (NGC 2685; Shane 1980) , which is interpreted as the accretion of a gas-rich dwarf galaxy.
The total H I mass, and the derived SFR, imply that the HI supply of this galaxy will be exhausted in (3 -1 7) x 10 7 yr; this is a very short time and is comparable with a single rotation time for a typical galaxy. From this point of view at least, we may regard VIII Zw 105 as experiencing a burst of star formation. There has been no specific addressing of the star formation process in dark-lane galaxies; however, we remark that such high SFR rates are not encountered in 'regular' early-type galaxies.
CONCLUSIONS
We studied a small and faint galaxy at z '" 0.06 with optical and radio observations. We found that the galaxy has a large amount of H I, probably mixed with large amounts of dust. The interstellar matter is probably arranged in a disc-like configuration, which shows up as a dark lane across the minor axis of an early-type galaxy. Interpreting the 21-cm profile as due to rotation, we obtained a lower limit to the mass of the galaxy. The FIR luminosity, coupled with the gas content and the presence of dust, indicate that vigorous star formation, probably a star formation burst, is taking place in the object. One possible interpretation is the accretion of a gas-and dust-rich dwarf galaxy by a larger galaxy, which is accompanied by a burst of star formation in the accreted matter.
